Modern societies are producing and consuming an enormous amount of information every day. The need for quality organized information has been growing rapidly. Various digital libraries (DLs) have been developed to address this need. However, additional focus on education for people who design and administer digital libraries is needed. We can begin to solve this problem through development of curricular recommendations for digital library education.
Foundations for a DL Curriculum Proposal
Modern societies are producing and consuming an enormous amount of information every day. The need for quality organized information has been growing rapidly. Various digital libraries (DLs) have been developed to address this need. However, additional focus on education for people who design and administer digital libraries is needed. We can begin to solve this problem through development of curricular recommendations for digital library education.
Several disciplines have an interest in the development of a graduate-level curriculum for digital library education; hence it can be argued that this effort must be interdisciplinary in order to be successful (Kajberg & Lørring, 2005) . In particular, computer science and information and library science have been actively developing courses and programs in this area (Ma, Clegg, & O'Brien, 2006) . Efforts to date have been locally-based and dependent upon specific institutional needs. The current effort takes a broader view, in order to develop a curriculum framework that will be useful across institutions and across disciplines. This framework is based on analyses of the ACM/IEEE-CS Computing Curriculum 2001 (Joint Task Force, 2001) , the 5S framework for digital libraries (Gonçalves, Fox, Watson, & Kipp, 2004) , papers presented at recent DL conferences and published in D-Lib Magazine (Pomerantz et al., 2006b) , the readings assigned in DL-related courses (Pomerantz et al., 2006c) , and a survey of digital librarians about their job responsibilities (Choi & Rasmussen, 2006a ).
Computing Curriculum 2001 as a Starting Point
The The CC2001 goes on to identify a number of topics that should be included in a course on digital libraries. These topics include: "Digitization, storage and interchange; Digital objects, composites, and packages; Metadata, cataloging, author submission; Naming, repositories, archives; Spaces (conceptual, graphical, 2/3D, VR); Architectures (agents, buses, wrappers/mediators, interoperability); Services (searching, linking, browsing, and so forth); Intellectual property rights management, privacy, protection (watermarking); [and] Archiving and presentation, integrity" (Joint Task Force, 2001, p.140) . This specification of a digital library course served us as an early starting point; these topics were incorporated into our initial curriculum framework, which had 19 topic groups (Pomerantz et al., 2006a) .
The 5S Theoretical Framework
The name of the 5S framework (Gonçalves, Fox, Watson, & Kipp, 2004) comes from the fact that all five elements of this framework --"stream", "structure", "space", "scenario", and "society" --start with "s." Informally, these five elements are described as: These can be formalized as a graph, with labels and a labeling function.
3. Spaces: 2D and 3D interfaces, GIS data, representations of documents and queries.
Examples include: spaces used in indexing, browsing, and searching services, as well as interfaces. These can be formalized as a set (vector, topological, measurable, measure, probability spaces).
4. Scenarios: system states and events, or situations of use by human users or machine processes, yielding services or transformations of data. Examples include: searching, browsing, recommending. These can be formalized as a sequence of related transition events on a state set. 5. Societies: both software "service managers" and fairly generic "actors" who could be (collaborating) human (users). Examples include: service managers (software), actors (learners, teachers, etc.). These can be formalized as a pair (i.e., a set of communities and a set of relationships).
Analyzing our initial curriculum framework through the lens provided by the 5S framework 
Empirical Analysis of DL Publications
Based on the draft framework, a content analysis was conducted of papers published in the past decade on the broad topic of DLs (Pomerantz et al., 2006b ). The corpus of papers included those presented at the ACM International Conference on Digital Libraries (1996) (1997) (1998) (1999) (2000) and the ACM/IEEE-CS Joint Conference on Digital Libraries (2001) (2002) (2003) (2004) (2005) , as well as the papers published in D-Lib Magazine (July 1995 -February 2006 . The full corpus included 1,064 papers. The purpose of this analysis was to identify those topics related to DLs that were the most prominent in these publication venues and, thus, would be important to include in DL courses.
In both subsets of the corpus, the topic most frequently written about was Services (searching, links, browsing, etc.), followed closely by Architecture and Interoperability. All topics in the draft framework were included among the topics of the publications, and the topics of all of the publications fit into the draft framework, providing support for its validity.
Empirical Analysis of Readings Assigned in DL Courses
While the analysis of conference papers and D-Lib Magazine articles provides a broad overview of current research in DLs and can validate the draft curriculum framework from the perspective of DL research, it did not provide a check for the correspondence between the framework and current educational practices. A second analysis was therefore undertaken (Pomerantz et al., 2006c) . Syllabi from 40 DL courses offered in schools of library and information science were collected and analyzed, and the readings assigned and the topics of these readings were identified. A total of 1,738 readings were included in this analysis. While many of the assigned readings were on topics already included in the curriculum framework (and allowed us to decompose some core topics into subtopics), other assigned readings suggested that the framework should be expanded. In particular, the topics of Project Management and an Overview component were added to the framework, based on this analysis. Project Management was the area in which the most readings were assigned; other frequently-occurring topics included Architecture, Collection Development, and Information/Knowledge Organization. During 2005 , Choi and Rasmussen (2006a ) conducted a survey of "current practitioners in charge of digitization projects or digital library projects " (2006a, p.187 The specific skills and knowledge identified were mapped onto the draft curriculum framework. A few of those identified by Choi and Rasmussen were not included in the draft framework. Specifically, two technology-related skills (database development and DBMS, and Web design skills) and three other skills (communication and interpersonal skills, grant/proposal writing skills, and teaching and group presentation skills) were not included in the curriculum framework proposed here because they are more general skills needed by information professionals practicing in most contexts, and not specific to DL.
Survey of Digital Librarians about their Job Responsibilities

The Curriculum Framework
Based on the prior curricular work, theoretical work, and empirical studies described above, a curriculum framework is proposed (see Figure 2) . It consists of ten core DL topics, some of which are further decomposed into subtopics. Each core topic and its subtopics are described in detail here. Ontologies, classification, and categorization component will cover various approaches to developing ontology/classification/categorization schema. The Vocabulary control component will discuss thesauri and other approaches to controlling terminology. The Bibliographies, bibliometrics, and Webometrics component will explore the use of these techniques to understand the relationships among objects within a DL. The Indexing component will cover the indexing of text resources and both content-based and concept-based indexing of multimedia resources. Together, these subcomponents can introduce students to the range of issues associated with organizing materials in a DL.
Topic 5: Architecture. This component of the curriculum is critical, since it encompasses so many important conceptual and technical topics associated with the successful management of DLs.
The common terminology of DLs and related online databases will be reviewed and naming strategies for making DL functions and services easily recognizable to users will be discussed, as well as the long-term and short-term access and security of DL architectures. The specific sub-components to be included are: Interoperability; Sustainability; Interface design and usability assessment; Search engines and information retrieval; Identifiers, handles, DOIs, and PURLs; Information summarization and visualization; Recommender systems; DL applications (e.g., Greenstone, Fedora, Dspace); Web publishing (e.g., wikis, RSS, Moodle, etc.); and Security.
Topic 6: Spaces. This component encompasses conceptual spaces, geographic spaces, 2-and 3-dimensional spaces, and virtual spaces. DLs need physical spaces to hold their resources like other libraries, even though a DL is only accessible virtually. DL resource server operation and management and the technical and political applications will be introduced in this component. In addition, the virtual management of repositories and archives will be covered.
Topic 7: Services. DLs provide various services for people, including at least the following four types: (1) searching, browsing, discovery, and exploration; (2) alerting, recommending, and routing; (3) other types of user need or information satisfaction services; and (4) infrastructure services (creation, adding value). These services are developed and updated based on the continuous investigation and analysis of user needs and information seeking behaviors. Both automated and human-intermediated services will be covered in this component, including topics related to integration or separation of these two approaches. In addition, services will be illustrated by the interactions between systems (computers) and humans (users or DL staff), depending on how users obtain assistance within the context of a particular DL. For example, when users search or browse resources in DLs, the human-computer interaction is an iterative cycle as users continuously ask systems to gather results, and the systems keep searching and displaying results based on the updated queries. Human-intermediated reference services in DLs, which enable users to ask questions of librarians or other experts, are examples of computer-mediated human-to-human interaction.
Automated filtering and routing functions are good examples of computer-to-computer interaction, because pre-set algorithms run the systems without any human intervention. The variety of subtopics included in this component are: Information needs, relevance, and evaluation; Search strategies, information seeking, and user modeling; References services; Routing and community filtering; and Sharing, networking, and interchange (e.g., social interchange).
Topic 8: Archiving and Preservation Integrity. This module covers the long-term plans of a DL for digital resource preservation, migration, emulation, etc., including the creation of preservation and administrative metadata. The fundamental strategies for preserving digital resources and examples of preservation models for DLs will be covered.
Topic 9: Project Management. As was identified via the analysis of existing courses on DLs, project management skills are critical to the success of a DL. This component will cover basic project management skills involved in project planning (e.g., defining work requirements, defining the quantity and quality of the work to be completed, and defining the resources needed) and monitoring a project to its successful completion (e.g., tracking progress, comparing the actual outcome to the predicted outcome, analyzing the project's impacts, and making any adjustments needed along the way). In addition to these fundamental project management skills, this component will address several related issues through sub-components on DL development for a specific domain; DL project examples and case studies; DL evaluation; Legal issues (e.g., copyright and related intellectual property issues); Cost/economic issues; and Social issues. Because the field of digital librarianship will continue to evolve, it is expected that the curriculum framework will also continue to evolve. However, we believe that it provides a strong basis for current curriculum development -in specific DL courses, certificate programs focusing on DLs, and degree programs in digital librarianship.
Conclusion
As digital libraries become the norm (i.e., as people come to assume that they will access a digital library when they need information), DLs must become reliable and trustworthy resources.
They must include both a well-organized underlying architecture and a set of services designed to address their potential users' information needs. For this vision of the future to come to fruition, information professionals need to be educated to establish and manage digital libraries. The proposed curriculum framework is a first step in offering these needed educational opportunities.
